Abstract Quantum-dot Cellular Automata (QCA) technology is one of the most important technologies, which can be suitable replacement for conventional technologies at Nano-scale. The principle logic elements in the QCA technology are majority gates and inverters. In this paper, a novel design is proposed for 5-input majority gate in the QCA technology. The proposed 5-input majority gate uses half distance. The QCADesigner tool version 2.0.3 is utilized for verifying functionality and layout of the proposed majority gate. The simulation results demonstrate that the proposed 5-input majority gate design provides significant improvements in the logical circuit design in terms of area and the number of required cells in comparison with other majority gates.
I. INTRODUCTION
Quantum-dot Cellular Automata (QCA) technology is one of the most important technologies, which can be suitable replacement for conventional technologies at Nano-scale. In other words, Promises extra low-power, low complexity and high-speed structures at a Nano scale are good reasons in the the QCA technology to replace CMOS technology [1, 2] .
The basic elements of QCA circuits are majority gate and inverter; hence, efficiently presenting QCA circuits using majority gates has attracted a lot of attention [3] [4] [5] [6] [7] [8] [9] . Majority logic can be used for implementing any logical function instead of employing logic functions [8] [9] [10] .
Until now, the most QCA circuits have been presented only using 3-input majority gates. However, if these designs are created by using 5-input majority gates, they can be optimized in number of cells, area occupation and complexity [6] [7] [8] [9] .
On the other hand, single-layer QCA design is simple for implementation in comparison with multi-layer QCA designs. It should be noted that for single-layer implementation, the accessibility to input and output cells plays an important role in this technology. This paper investigates a new 5-input majority gate design. The proposed design of 5-input majority gate uses conventional cells in single-layer. This novel 5-input majority gate has been used to structure different circuits and functions like full adders, flip-flaps and other circuits. The proposed 5-input QCA majority gate is simulated using QCADesigner tool version 2.0.3. [11] .
The simulation results demonstrate that the proposed 5-input QCA majority gate reduces area and complexity in comparison with other QCA majority gate designs.
The rest of this paper is organized as follows. In section II, an over view of the some previously reported descriptions for 5-input majority gate are presented. A novel 5-input majority gate is proposed in section III. Section IV shows simulation results and compares the proposed architecture to other QCA architectures. Finally, section V concludes this paper.
II.
PREVIOUSLY REPORTED 5-INPUT MAJORITY GATES The logical function of 5-input majority gate can be shown by following equation:
There are several 5-input QCA majority gate designs reported in literatures such as [3] [4] [5] [6] [7] [8] [9] , which studied 978-1-5090-4752-9/17/$31.00 ©2017 IEEEperformance improvements in the QCA technology. This section briefly reviewed these investigations.
Roohi et al. [3] have proposed a 5-input majority gate, which is shown in Fig. 1 (a) . Fig. 1 The 5-input majority gates (a) presented in [3] , (b) presented in [4] According to the Fig.1 (a) , the 5-input majority gate presented in [5] contains 10 cells, but the inputs of this QCA majority gate are placed side by side. So, this majority gate is single layer design of circuits.
Navi et al. [4] have proposed a 5-input majority gate, which is shown in Fig. 1 (b) .
According to this Fig., the 5-input majority gate presented in [5] contains 10 cells, but the output cell is restricted by other cells, so this QCA majority gate is not used in the design of single-layer.
Akeela and Wagh [5] have proposed a 5-input majority gate, which is shown in Fig. 2 . Fig 2. The 5-input majority gate in [5] As it is shown in this Fig., the 5-input majority gate presented in [5] contains 18 cells. Fig.3 illustrates fault-tolerant designs of 5-input majority gates, which are proposed in [7] [8] . Fig. 3 . The 5-input majority gates (a) presented in [7] ,(b) presented in [8] As it is shown in this Fig., These 5-input QCA majority gate designs are contains 42 and 51 cells, respectively. In addition, the 5-input majority gates presented in [9] , [6] are shown in Fig. 4 . Fig. 4 . The 5-input majority gates (a) presented in [9] , (b) presented in [6] As it is shown in Fig. 4 , the 5-input majority gate proposed in [6] and [9] are consist of 10 and 23 quantum cells, respectively.it should be noted that the 5-input majority gate proposed in [6] is not used in the single-layer design
III. THE PROPOSED ARCHITECTURE
The proposed structure for the 5-input majority gate is depicted in Fig. 5 . As it is shown in Fig. 5 , the proposed 5-input QCA majority gate is consist of 16 quantum-dot cells, 5 inputs, and 1 output. The consumption area is amounts to 15319 nm 2 . It should be noted that the proposed design is implemented in a singlelayer. So, it is easy to access the cells with no additional layers in the design. According to this Fig., this structure 
IV.
SIMULATION AND COMPARISON RESULTS The proposed 5-input QCA majority gate is simulated using QCADesigner tool version 2.0.3. Fig. 6 shows the simulation results for the proposed 5-input QCA majority gate.
The simulation results show the correctness and accuracy of the proposed design. Table 1 summarizes a comparison between our proposed 5-input QCA majority gate and other existing 5-input QCA majority gate designs. As it is shown in Table I , the proposed design for the 5-input QCA majority gate has advantages in comparison with other 5-input QCA majority gate designs in terms of required area. In particular, despite the lower number of cells [6] , the proposed design, has 10% improvement in term of area. In addition, on the contrary [6] , the proposed design can be used to design the single-layer circuits in the QCA technology. According to table.1, our proposed design also requires fewer cells than [5, [7] [8] [9] .
V. CONCLUSION
The basic element in the QCA technology is majority gate. This paper presents the novel 5-input majority gate design. This design has been implemented in single-layer and using half distance technique. The proposed 5-input QCA majority gate is simulated and verified circuit functioning using QCADesigner tool version 2.0.3. The simulation results showed that the proposed 5-input QCA majority gate required only 16 QCA cells in 15319 nm 2 . As a result, the proposed 5-input QCA majority gate has advantages in comparison with other 5-input QCA majority gate designs in [5] [6] [7] [8] [9] in terms of required area. 
